Some observations suggest that the volcanic aerosols produced by the Mt. Pinatubo eruption may have altered cirrus properties. We look for evidence that such modification of cirrus is extensive enough to be climatically significant by comparing three satellite-based cirrus datasets produced by the ISCCP analysis, the "split-window" analysis, and 31 analysis. Hence, these results indicate that there was no significant climate feedback produced by aerosolcirrus-radiative interactions.
I. Introduction
Cirrus clouds are high-level (upper troposphere), optically thin, ice clouds with both low solar reflectivities and low emissivities (Liou 1986) . Globally, they cover around 20% of the earth's surface (Rossow and Schiffer 1999) , but there may be another 5 -10% of very thin cirrus present (Jin et al. 1996; Liao et al. 1995; Stubenrauch et al. 1999a ). Unlike most other clouds, cirrus with cloud tops higher than the effective emission level of the clear atmosphere cause net radiative heating of the earth-atmosphere system because they reflect sunlight less than they decrease the outgoing longwave radiation. This warming effect is reversed as cirrus cloud optical thickness increases (Stephen et al. 1990 ). Through their radiative effects cirrus clouds modulate the general circulation of the atmosphere (Randall et al. 1989; Ramanathan et al. 1983 ).
There are many ways to observe cirrus properties and behavior; however, only satellites provide the global overview of cloud systems at the scale of the synoptic weather systems in which they form (Rossow 1989) . The past two decades have witnessed numerous studies of cirrus clouds using satellite instruments. Inoue (1985) showed the feasibility of cirrus detection using the "split-window" data (wavelengths around 11 pm and 12 _tm) of the Advanced Very High Resolution Radiometer (AVHRR) on board NOAA-7 and derived the temperature and the emissivity of cirrus clouds.
Furthermore, based on a threshold technique in two-dimensional brightness temperature histograms, he developed a method that could be used to identify several types of clouds (Inoue 1987 (Stubenrauch et al. 1999b ).
In the first half of the paper,we report a systematiccomparisonbetweencirrus retrievedby ISCCP and the split-window method.This comparisonstudy servesas a preparationfor the secondhalf of the paper,which addresses how Mt. Pinatuboeruption affectedcirrus properties. First, a radiative transfer model is usedto analyzethe two algorithms,becausethe split-window methodis basedon the identificationof clustersin multidimensionalradiancespace,while the ISCCP cloud schemerelies on a radiative transfer model to retrieve cloud properties. Second,retrieved cloud information is comparedin light of the modelsimulationresults. Cirrus from the 31cloud dataset have beencomparedto thosefrom ISCCPby Stubenrauch etal. (1999a) .
In the secondhalf of the paper,we makeuseof the different sensitivitiesof the three cloud retrievalalgorithmsto explorethe influenceof the Mt. Pinatubovolcanoon cirrus properties. One major differencebetweenthe split-window method,3I cloud algorithm, and the ISCCP cloud schemeis that the former two use radiances at infrared wavelengths,while the latter utilizes one infrared and one visible radiance. Since absorptionin the infrared is lesssensitiveto aerosolsthan reflection in the visible, the split-window methodand 3I cloud algorithm do a betterjob of monitoring thin cirrus evenwhen stratosphericaerosolconcentrationis relatively high, such as after a large volcanic eruption. The ISCCP cloud scheme, which dependson visible reflectanceto derivecloud optical thickness, could attributethe additionalvisible reflectancecausedby aerosolsto clouds,thus introducing errors in the cloud retrieval (Rossowand Schiffer 1999) . Hence,theremay be artifactsin the changesof ISCCPretrievedcirrus afterMt.
Pinatubovolcano, whereascirrus retrieved by the split-window methodand 3I cloud algorithmarelesslikely to beaffectedby the event.
This paper is divided into five sections. Section2 gives a short descriptionof the datasetsand cloud retrieval techniquesused in the study. Section 3 presentsa comparisonof the split-windowandISCCPcloud algorithms,usingboth simulationsand observations.In section4, cloud datasets from ISCCP,split-window method,and 31are examinedto find out the influenceof the Mt. Pinatuboeruption on cirrus properties.
Section5 summarizes the mainfindings.
Data and Analysis Methodologies a. A VHRR datasets and split-window method
Channel 4 (= 11 _tm) and channel 5 (= 12 txm) data from AVHRR on NOAA-7 were used by Inoue (1987; 1989) Liao et al. 1995 and Jin et al. 1996) and in part by small-scale horizontal and vertical heterogeneities to which the two datasets respond differently due to differences in spatial and spectral resolutions (Stubenrauch et al. 1999c ).
Comparison of Cloud

Retrieval Techniques and Observations
We presenta comparisonof the split-window and ISCCP results,sincethis has not beendonebefore;a detailedcomparisonof 3I andISCCPis given in Stubenrauch et al. (1999a; 1999c Fig 2) . Microphysical properties such as cloud particle effective radius (10 I.tm for water clouds and 30 _tm for ice clouds) and water content are specified to be the same as in the ISCCP retrieval model. Since the split-window method makes no explicit assumptions about the microphysics (with one exception noted below), we choose this approach to focus solely on cloud classification differences. The lower panels combine these two cases so that clouds above 440 mb level are ice and clouds below that are liquid. In addition to BTD, TBB has also been simulated as a function of Pc and Tau (not shown). Based on the two cloud classification schemes (Fig 1 and Fig 2) 
Application to the Mt. Pinatubo case
We makeuse of the differencesof the severalcloud retrieval algorithmsto find out whetherthe Mt. Pinatubovolcanoaffectedcirrus.
In the ISCCP analysis,the 0.6 ktmvisible channel,which is importantin determining cloud optical thickness, is also sensitive to the scatteringby atmosphericaerosols, especially when their optical thicknessis larger than normal like following the Mt.
Pinatuboeruption. However, aerosoleffects are not included in the ISCCP radiative model.Therefore, they will affectthe analysisof clouds (Rossowet al. 1996) . This effect is negligible in normal conditionswhenthe opticalthicknessof stratospheric aerosolis of order 10-2. However,after the largevolcanic eruptionof Mt. Pinatuboin June1991,the situationwas very different. By late 1991the stratospheric aerosoloptical thickness(at 0.5 _tmwavelength)determinedfrom SAGEII overthe equatorialregionwasaround0.2 or larger,while the value inferredfrom AVHRR was as large as 0.45 (Stenchikovet al. 1998 ). An optical thicknessof 0.2 is alreadylarge enoughto affect the retrieval of thin cirrus in the ISCCP analysisas we show later. The split-window method,on the other hand,is not easily affectedby stratospheric aerosolssinceit utilizes the radiancesfrom two much longer infrared wavelengths,which are not scatteredeffectively by the very small stratospheric particles. We alsoexaminethe 3I cloud data,which, like the splitwindowmethod,utilizesonly IR radiances for cloud propertyretrieval(thereis onecloud testout of eightduringdaytimethatusesvisible radiances). According to simulations (see Fig. 3 It is still possible that the Pinatubo aerosols have a local influence on the cirrus, like that observed by Sassen et al., but we did not find any systematic effect on both cirrus amount and cirrus optical properties.
Summary and Discussion
In the first half of the paper, we compared cirrus retrieved by ISCCP and the splitwindow method. By using a radiative transfer model, Streamer, a series of simulations have been carried out, showing that cirrus clouds, defined in ISCCP as Pc < 440 mb and Tau < 3.6, have a large BTD, which is used by the split-window method to isolate cirrus. Satellite zenith angle is 0°(nadir). 
